
(54) [Title of the Invention] Liquid drop operating method and device 
(57) [Abstract] 

[Problem] To operate a trace of liquid as liquid drop, and convey, mix, observe and 
measure. 

[Solving Means] It comprises a light permeable substrate with water repellent surface, 
optical tweezers for capturing spherical liquid drops provided on the substrate, means for 
introducing liquid drops on the water repellent substrate, and means for conveying liquid 
drops on the water repellent substrate. 

[Claims] 

[Claim 1] A liquid drop operation method comprising a light permeable substrate with 
water repellent surface, optical tweezers for capturing spherical liquid drops provided on 
the substrate, means for introducing liquid drops on the water repellent substrate, means 
for conveying liquid drops on the water repellent substrate, and means for measuring the 
state of liquid drops. 

[Claim 2] A liquid drop operation device comprising a light permeable substrate with 
water repellent surface, optical tweezers for capturing spherical liquid drops provided on 
the substrate, means for introducing liquid drops on the water repellent substrate, means 
for conveying liquid drops on the water repellent substrate, and means for measuring the 
state of liquid drops. 

[Claim 3] The liquid drop operation device of claim 2, wherein the means for measuring 

the state of liquid drops is means for measuring the pH of liquid drops. 

[Claim 4] The liquid drop operation device of claim 2, wherein the means for measuring 

the state of liquid drops is means for measuring the ion concentration of liquid drops. 

[Claim 5] The liquid drop operation device of claim 2, wherein the means for measuring 

the state of liquid drops is means for measuring the absorbance of liquid drops. 

[Claim 6] The liquid drop operation device of claim 2, wherein the means for measuring 
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the state of liquid drops is means for measuring the fluorescent intensity of liquid drops. 
[Claim 7] The liquid drop operation device of claim 1, wherein a small hydrophilic 
region is formed on the water repellent substrate. 

[Claim 8] The liquid drop operation device of claim 1, wherein the means for agitating 
liquid drops is provided on the water repellent substrate. 

[Claim 9] The liquid drop operation device of claim 8, wherein the means for agitating 
liquid drops is means for emitting ultrasonic waves to the liquid drops. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates to a method and a device 

for conveying liquid drops formed on a water repellent substrate. 

[0002] 

[Background Art] Capturing technology of fine particles by using converging light was 
proposed by Arthur Ashkin et al., and a patent is filed in the title of optical trap device 
(Japanese Patent Application Laid-Open No. 2-91545). An optical trap is a technology of 
emitting converging light to spherical particles of higher refractive index than the 
refractive index of solvent of polystyrene spheres or the like, applying impulse on fine 
particles by he light refracting phenomenon of light in the spheres, and converging the fine 
particles on the light converging point by this force. By employing this technique, by 
moving the position of the converging point of the converging light created by using the 
objective lens of microscope, fine particles in a size of several tens of nm to several tens of 
lim can be moved freely in the X-, Y-, and Z-axis direction without making contact. 
[0003] If a sphere has higher refractive index than solvent, in principle, it can be 
captured by optical tweezers even if it is not solid. Actually, liquid drops of liquid 
paraffin or other organic solution becoming round in water can be captured by optical 
tweezers, as reported by Misawa et al. in collected papers of Photochemical Research 
Meeting, pages 7 to 8 (1990). 
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[0004] Super-water repellent technology is reported, for example, by Takashi Tsujii in 
"Chemistry and Industry", vol. 49, No. 7, pages 938 to 940 (1996). Tsujii and others 
made lumpy surface having fractal structure on the substrate surface, and succeeded in 
manufacture of water repellent substrate of contact angle of water drop and substrate of 
174 degrees. 
[0005] 

[Problems that the Invention Is to Solve] Of the prior arts, operation for capturing liquid 
drops made by repelling action of water and oil by optical tweezers required that the 
refractive index of liquid drops should be higher than the refractive index of the solvent. 
Therefore, if water is used as solvent, the hydrophobic property is too high to be mixed 
with water, it can be applied only in capturing of liquid drops of oil of which viscosity is 
adequately high, and refractive index is sufficiently higher than 1.33 of refractive index of 
water. Similarly, if attempted to operate water drops by using oil as solvent, the oil is 
too hydrophobic to mix with water, and it can be applied only in liquid drops of which 
viscosity is adequately high, and refractive index is sufficiently lower than 1.33 of 
refractive index of water. 

[0006] On the boundary of water and oil, for example, components soluble in organic 
solvent such as fatty acid dissolved in water diffuse into oil drops, and in the conventional 
liquid drop capturing method using converging light, components of solvent and oil drops 
may be mixed with each other. 

[0007] It is hence an object of the invention to present a method and a device of liquid 
operation capable of capturing liquid drops by optical tweezers, regardless of the 
refractive index of liquid and without requiring mixing with other solvent. 
[0008] 

[Means for Solving the Problems] To achieve the object, the liquid drop operation 
method and device of the invention comprise a light permeable substrate with water 
repellent surface, optical tweezers for capturing spherical liquid drops provided on the 
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water repellent substrate, means for introducing liquid drops on the water repellent 
substrate, means for conveying liquid drops on the water repellent substrate, and means 
for measuring the state of liquid drops. The means for measuring the state of liquid 
drops is, for example, means for measuring the pH of liquid drops, the ion concentration, 
the absorbance, or the fluorescent intensity. The liquid drop operation method and 
device of the invention have means for agitating a plurality of liquid drops. The means 
for agitating has, for example, means for emitting ultrasonic waves to the liquid drops. 
[0009] 

[Embodiments of the Invention] The liquid drop operation method and device of the 
invention are described below by referring to a schematic view of first embodiment shown 
in Fig. 1. In Fig. 1, reference numeral 11 is a water repellent substrate, 21, 22, 23 and 24 
are pipettes, 31, 32, 33 and 34 are liquid drops, 41, 42 and 43 are hydrophobic sections, 51 
is a light source, 52 is a photo receiver, 61 is a pH electrode, 62 is an ion electrode, 71 is an 
agitation unit, and 81 is an objective lens. 

[0010] The device of the embodiment comprises the objective lens 81 of microscope, a 
light permeable substrate with water repellent surface 11, pipettes 21, 22, 23 and 24 for 
introducing liquid drops of reagent or sample onto the substrate, pH electrode 61 for 
measuring the pH of liquid drops, ion electrode 62 for measuring the ion concentration, 
agitation unit 71 for agitating mixed liquid drops, light source 51 for measuring the 
absorption and fluorescent characteristics in liquid drops, and photo receiver 52. 
[0011] Liquid drops 31, 32, 33 and 34 introduced from the pipettes 21, 22, 23 and 24 are 
first fixed by the hydrophilic sections 41, 42 and 43 formed on the water repellent 
substrate so that the liquid drops may not move. 

[0012] The liquid drops supplied onto the substrate 11 are captured by the converging 
light entering from the objective lens 81, and for example, when mixing the sample liquid 
drop and reagent liquid drop, each liquid drop is captured by optical tweezers, and 
brought closer to each other and fused, and the agitation unit 71 introduces the ultrasonic 
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wave to the fused liquid drops, and the components in the liquid drops are mixed. The 
mixed liquid drops are sent into an optical measuring unit comprising pH electrode 61, ion 
electrode 62, or light source 51 and photo receiver 52 for optical measurement, depending 
on the purpose, and the characteristics of liquid drops can be measured. Or, the state of 
the liquid drops may be always observed from optical microscope, and measuring items 
may be selected corresponding to the situation of the state depending on changes of state 
in the liquid drops, and selected items may be measured. 

[0013] Fig. 2 shows a mode of two liquid drops 111 and 112 captured on the substrate. 
In Fig. 2, reference numeral 91 is a water repellent substrate, 101 is an objective lens, 111 
and 112 are liquid drops, and 121 and 122 are converging lights. The substrate 91 is 
made of a material for passing the converging light for capturing liquid drops 111 and 112. 
When two converging lights 121 and 122 are introduced from the objective lens 101, liquid 
drops can be captured on the converging points on the substrate. The captured liquid 
drops move between the converging lights 121 and 122, and hence can move on the 
substrate 91. 

[0014] Fig. 3 schematically shows a configuration of optical system of the embodiment. 
In Fig. 3, reference numeral 131 is a light source, 141 and 142 are mirrors, 151 is a 
condenser lens, 152 is an objective lens, 161 is a water repellent substrate, 162 is a 
container, 163 is a temperature and humidity adjusting unit, 171, 172 and 173 are opaque 
mirrors, 181 and 182 are mirror driving units, 191 is a fluorescent light source, 192, 202 
and 212 are lenses, 193, 203 and 213 are filters, 201 and 211 are optical tweezers light 
sources, and 221 is a camera. 

[0015] First, visible light entering from the light source 131 is emitted to the water 
repellent substrate 161 by way of condenser lens 151, and by the light from the light source, 
the state of liquid drops on the substrate can be observed by camera 221 by way of 
objective lens 152. The container 162 is put on the substrate, and the temperature and 
humidity in the container can be controlled by the temperature and humidity adjusting 
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unit 163. Further, fluoroscopic observation is possible by emitting only specific excitation 
light onto the substrate 161 through filter from the fluorescent light source 191. As for 
optical tweezers, by emitting converging light from the two sets of optical tweezers light 
sources 201 and 211 onto the substrate 161, liquid drops can be captured as shown in Fig. 
2. At this time, the position of converging point of the converging light can be adjusted 
by moving the mirror 173, 142 by the mirror driving units 181 and 182. 
[0016] 

[Effects of the Invention] As described herein, the invention enables to operate a trace of 

liquid as liquid drops, convey, mix, observe, and measure. 

[0017] 

[Brief Description of Drawings] 

[Fig. 1] A schematic diagram of basic configuration of first embodiment of the invention. 

[Fig. 2] A schematic diagram explaining the mode of capturing of liquid drops by optical 

tweezers in the embodiment of the invention shown in Fig. 1. 

[Fig. 3] A schematic diagram explaining a configuration of optical system in the 

embodiment of the invention shown in Fig. 1. 

[Reference Numerals] 

11 water repellent substrate, 21, 22, 23 and 24 pipettes, 31, 32, 33 and 34 liquid drops, 41, 
42 and 43 hydrophobic sections, 51 light source, 52 photo receiver, 61 pH electrode, 62 ion 
electrode, 71 agitation unit, 81 objective lens, 91 water repellent substrate, 101 objective 
lens, 111 and 112 liquid drops, 121 and 122 converging lights, 131 light source, 141 and 142 
mirrors, 151 condenser lens, 152 objective lens, 161 water repellent substrate, 162 
container, 163 temperature and humidity adjusting unit, 171, 172 and 173 opaque mirrors, 
181 and 182 mirror driving units, 191 fluorescent light source, 192, 202 and 212 lenses, 193, 
203 and 213 filters, 201 and 211 optical tweezers light sources, and 221 camera. 
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